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ORIGINAL ARTICLE
Chemotherapy and Survival for Patients With Multiple
Myeloma
Findings From a Large Nationwide and Population-Based Cohort
Nidhi Rohatgi, MD, MS,* Xianglin L. Du, MD, PhD,* Ann L. Coker, PhD,*
Lemuel A. Moye, MD, PhD,† Michael Wang, MD,‡ and Shenying Fang, MD, MS*
Objective: To assess the patterns of chemotherapy use for patients
with multiple myeloma and to determine if chemotherapy is effec-
tive in prolonging survival outside the clinical trial settings.
Methods: We studied a nationwide and population-based retrospec-
tive cohort of 4902 patients 65 years of age with stage II or III
multiple myeloma from 1992 to 1999, identified from the Surveil-
lance, Epidemiology, and End-Results-Medicare data. Multivariate
logistic regression was used to estimate the odds ratio of receiving
chemotherapy and Cox proportional hazard model was used to
estimate the hazard ratio of mortality associated with chemotherapy.
Results: Of 4902 patients with stage II or III multiple myeloma,
52.0% received chemotherapy during the course of the disease. The
receipt of chemotherapy decreased significantly with age from
65.7% in the 65- to 69-year age group to 34.3% in those 80 years.
Blacks (47.6%) were less likely to receive chemotherapy than whites
(52.8%). Use of chemotherapy decreased significantly with comor-
bidity scores and increased over time. Risk of all-cause mortality
was significantly reduced in patients who received chemotherapy
compared with those who did not (adjusted hazard ratio  0.65;
95% confidence interval  0.61–0.69). A similar pattern as ob-
served for myeloma-specific mortality (0.61; 0.56–0.67). Survival
benefit increased with increasing cycles of chemotherapy (P  0.001
for trend) and was significant across different age groups, gender,
ethnic groups, and comorbidity scores.
Conclusion: Chemotherapy was significantly associated with in-
creased survival in patients with multiple myeloma outside the
clinical trial settings. This survival benefit was significant across
different groups by age, gender, race, and comorbidity. A sub-
stantial number of patients with multiple myeloma did not re-
ceive chemotherapy.
Key Words: myeloma, chemotherapy, survival, mortality,
Medicare beneficiary, elderly
(Am J Clin Oncol 2007;30: 540–548)
Multiple myeloma, a cancer of the plasma cell, is thesecond most prevalent hematologic cancer in the
United States, after non-Hodgkin’s lymphoma.1,2 The Amer-
ican Cancer Society estimated that there will be 16,570 new
cases of multiple myeloma in the United States in 2006 and
about 11,310 patients are estimated to die of multiple my-
eloma, accounting for 2% of all cancer deaths.1,2 This disease
primarily affects the elderly population as the median age of
incidence was 70 years and the median age of death was 74
years.1,2 While the incidence is higher in blacks than whites
and other ethnic populations,1–3 the etiology of this disease is
largely unknown.4–16
Standard therapy for elderly patients with multiple
myeloma has been melphalan plus prednisone (MP) for
several decades.17–23 For patients younger than 65 years,
high-dose chemotherapy and induction therapy followed by
autologous stem-cell transplantation is recommended as the
first line therapy.24–29 More recent studies found that com-
bination chemotherapy regimens with melphalan may prove
superior.30–33 Although chemotherapy has been well docu-
mented to be efficacious in prolonging survival in clinical
trials, little is known about how chemotherapy is practiced
among patients living in the community and whether this
therapy is also effective outside the clinical trial settings.
Elderly patients have been disproportionately under-repre-
sented in the clinical trials, yet this population accounts for
most cancer cases.34 –37 Therefore, we undertook a large
nationwide and population-based study in elderly patients
diagnosed with multiple myeloma in 11 areas of the
National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) tumor registries to determine
what proportion of patients received chemotherapy as
recommended, what factors were associated with not receiving
this therapy, and whether chemotherapy was effective in pro-
longing survival among elderly patients outside the clinical trial
settings.
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PATIENTS AND METHODS
Data Sources
We used the SEER-Medicare linked data for cases
diagnosed with multiple myeloma in 1992–1999. The SEER
program, supported by the National Cancer Institute, includes
population-based tumor registries in 11 selected geographic
areas1,38,39: the metropolitan areas of San Francisco/Oakland,
Detroit, Atlanta and Seattle; Los Angeles county; the San
Jose-Monterey area; and the states of Connecticut, Iowa, New
Mexico, Utah, and Hawaii, covering over 14% of the U.S.
population. The registries ascertain all newly diagnosed mul-
tiple myeloma cases from multiple reporting sources, such as
hospitals, outpatient clinics, laboratories, private medical
practitioners, nursing/convalescent homes/hospices, autopsy
reports, and death certificates.
The Medicare program provides payments for hospital,
physician, and outpatient medical services for more than 97%
of persons 65 years of age or older.38,39 Medicare claims data
are available through 2002. For persons aged 65 years or
older appearing in the SEER records, Medicare eligibility
could be identified for 94% of these cases. The method of
linking these data has been described elsewhere.38,39 The
Committee for the Protection of Human Subjects at the
University of Texas Health Science Center at Houston ap-
proved this study.
Study Population
Our study was based on the analytical SEER-Medicare
files that excluded patients who did not have full coverage of
both Medicare Part A and Part B to ensure the completeness
of their Medicare claims, and those who were members of
health maintenance organizations because Medicare claims of
these patients may be incomplete. We studied 4902 patients
with late stage (Durie-Salmon stage II or III) multiple my-
eloma because these patients represented over 90% of all
cases with multiple myeloma and chemotherapy was univer-
sally recommended for these patients.17–27 In this database,
there were also 146 patients with early-stage (Durie-Salmon
stage I) multiple myeloma who were generally asymptomatic
and were often recommended for a period of active observa-
tion instead of chemotherapy,26 whose treatment recommen-
dations are not homogeneous. Therefore, these small numbers
of cases were excluded from further analyses.
Outcome Variables
Survival time in months was calculated from the date of
diagnosis to the date of death or to the date of last follow-up
(December 31, 2002). The cause of death is identified by the
SEER program through linking the SEER data with the
National Death Index data from the National Center for Vital
Statistics. All-cause mortality was defined as death from any
cause indicated in the SEER registry data. Patients still alive
at the last date of follow-up were censored in the time to
event survival analysis by the Kaplan-Meier method and Cox
proportional hazard regression model. Multiple myeloma-
specific mortality was defined as multiple myeloma as the
underlying cause of death. In this cause-specific analysis,
patients who died of causes other than multiple myeloma
or who were still alive at the date of last follow-up were
censored.
Treatment of Multiple Myeloma
Chemotherapy
Detailed methods for the identification of chemother-
apy use through Medicare claims have been previously de-
scribed.40,41 In brief, patients with cancer were defined as
having received chemotherapy if any of the following Medi-
care procedure codes so indicated during the course of the
disease: the ICD-9-CM procedure code of 99.25 and V codes
of V58.1, V66.2, or V67.2; the common procedure codes
of 96400-96549, J8530-J8999, or J9000-J9999, or Q0083-
Q0085, and revenue center codes of 0331, 0332 and
0335.42–45 The commonly used chemotherapy drug includes
melphalan (J9245 or J8600). Since melphalan (plus pred-
nisone) is standard therapy and several combination chemo-
therapy regimens yielded similar survival benefit, we in-
cluded these patients as having received chemotherapy and
did not specify specific drug therapy.
Radiation Therapy
Patients were defined as having received radiation ther-
apy if either SEER or Medicare claims so indicated.46
Stem Cell Transplantation
Patients were defined as having received stem cell
transplantation if the following Medicare claims indicated so:
ICD-9-CM codes of 4100–4109, or CPT codes of 38230,
38231, 38240, and 38241.42–45 Because only 41 (0.8%) cases
received it and it was not recommended in the elderly
patients, this variable was not included in the final analysis.
Socioeconomic Status
The percent of persons living below the poverty line
at the census tract level from the 1990 census available in
the SEER-Medicare linked data was used to define socio-
economic status. This variable was selected because for
elderly Medicare beneficiaries, the poverty level could be
the most directly relevant proxy measure of their economic
status.47 Two other socioeconomic variables (percent of
adults aged 25 who had less than 12 years of education
and median annual household income at the census tract
level) were also examined in the analysis in place of
poverty. Because these 2 socioeconomic measures yielded
the similar results, only the results using poverty were
reported.
Comorbidity Score
Comorbidity was ascertained from Medicare claims by
identifying 18 comorbid diagnoses between one year prior to
and one month after the diagnosis of multiple myeloma.
Details on creating a weighted comorbidity score have been
previously reported.48
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Other Characteristics
Patient and tumor characteristics such as age at diag-
nosis (categorized as 65–69, 70–74, 75–79, 80 years),
gender, race/ethnicity (white, black, and others), year of
diagnosis (1992–1999), and geographic area (11 SEER areas)
available from SEER were assessed as correlates of the
receipt of chemotherapy and survival.
Statistical Analysis
Differences in the distribution of baseline characteris-
tics between patients who received chemotherapy and those
who did not were tested using the 2 statistic, odds ratios
(ORs), and associated 95% confidence intervals (CIs). The
3-year observed survival rate was the proportion of patients
who survived for at least 3 years in those diagnosed in 1992
to 1999, and the 5-year observed survival rate was the
proportion of patients who survived for at least 5 years in
those diagnosed in 1992 to 1997. Patients who were lost to
follow-up, withdrawn, or still alive at the last date of fol-
low-up (December 31, 2002) were censored in the time to
event survival analysis using the Kaplan-Meier method and
Cox proportional hazard model.49–51 In multiple myeloma-
specific mortality analysis, patients who died of causes other
than multiple myeloma were additionally censored. The me-
dian survival time with 95% confidence interval was esti-
mated from the Kaplan-Meier survival curve using the
LIFETEST procedure.49,50
Cox proportional hazard regression model was used for
survival analysis using the PHREG procedure available in the
SAS system.50 The proportionality assumption was consid-
ered to be satisfied when the log-log Kaplan-Meier curves for
survival functions by the receipt of chemotherapy were par-
allel and did not intersect.51 Multiple Cox regression analyses
were adjusted for age, gender, race/ethnicity, radiation ther-
apy, comorbidity score, year of diagnosis, geographic area,
and socioeconomic status.
RESULTS
Table 1 presents the distribution of the 4902 elderly
patients with stage II or III multiple myeloma and the com-
parison between those who received chemotherapy and those
who did not, by age, gender, race/ethnicity, comorbidity,
radiation therapy, socioeconomic status, year of diagnosis,
and geographic area. Median age at diagnosis in these pa-
tients was 76 years, ranging from 65 to 104 years. Median age
was 78 years for those who did not receive chemotherapy
compared with 74 years for those who received chemother-
apy. The distribution of patients who received chemotherapy
was different from those who did not in terms of age,
comorbidity, radiation therapy, year of diagnosis and geo-
graphic area, but there was no significant difference in terms
of gender, race/ethnicity, and socioeconomic status.
Table 2 presents the number and percentage of patients
receiving chemotherapy for all patients and stratified by other
factors, and also presents the adjusted odds ratios of receiving
chemotherapy. Overall, 52.0% of patients with stage II or III
multiple myeloma received chemotherapy during the course
of the disease. The receipt of chemotherapy decreased sub-
stantially by age from 65.7% in patients 65 to 69 years of age
to 34.3% in those 80 years of age. After adjusting for
gender, ethnicity, comorbidity, radiation therapy, socioeco-
nomic status, year of diagnosis, and geographic areas, pa-
tients 70 to 79 years of age were 41% less likely to receive
chemotherapy (OR  0.59; 95% CI, 0.49–0.70) compared
with patients 65 to 69 years of age. There was no significant
difference in the use of chemotherapy between men and
women. Black patients were 23% less likely to receive
chemotherapy compared with whites. The receipt of chemo-
therapy decreased significantly with increased comorbidity
scores, and those with comorbidity scores of 3 or higher were
almost twice as likely to receive no chemotherapy. Patients
who received radiation therapy were also more likely to
receive chemotherapy. The rate of receiving chemotherapy
decreased slightly from high to low socioeconomic status,
and increased significantly over time from 1992 to 1999.
There were also some geographic variations in the 11 SEER
registries.
Among 4902 patients included in this cohort who were
followed up for at least 3 years and up to 11 years (median
follow-up, 7.1 years), the 3-year overall observed survival
rate was 56.0% (2747 of 4902), and the 3-year multiple
myeloma-specific observed survival rate was 73.7% (3614 of
4902). The 5-year overall and myeloma-specific observed
survival rates were 43.6% (1664 of 3814) and 60.8% (2318 of
3184), respectively, among those patients who were diag-
nosed in 1992 to 1997 and followed up for at least 5 years.
Based on the Kaplan-Meier survival curve, the median sur-
vival time was 5.9 years (95% CI, 5.6–6.2) for patients
receiving chemotherapy and 1.6 years (95% CI, 1.4–1.8) for
those who did not receive chemotherapy.
Table 3 presents the number and percent of observed
death within 3 years of diagnosis and by the date of last
follow-up, and also presents the adjusted hazard ratio of
mortality in association with the receipt of chemotherapy as
well as the number of cycles of chemotherapy (measured by
the number of claims for chemotherapy). The crude death
rates within 3 years of diagnosis and by the last follow-up
were lower in those who received chemotherapy than those
who did not. After adjusting for other potential confounding
factors, patients who received chemotherapy were 35% less
likely to die of all-causes (hazard ratio  0.65; 95% CI,
0.61–0.69) and 41% less likely to die of multiple myeloma
(hazard ratio  0.61; 95% CI, 0.56–0.67) than those who did
not receive chemotherapy. The risk of call-cause mortality
and myeloma-specific mortality decreased with increasing
number of chemotherapy cycles (P  0.001 for trend). For
example, compared with patients who did not receive che-
motherapy, those who received 1 to 5 cycles were 16% less
likely to die of all-causes, whereas those who received 25 to
35 cycles were 53% less likely to die, after adjusting for age,
gender, race, comorbidity, radiation therapy, socioeconomic
status, year of diagnosis, and geographic area.
Figure 1 presents the Cox proportional hazard ratios
(95% CI) of all-cause and multiple myeloma-specific mortal-
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TABLE 1. Comparison of Characteristics Between Patients With Multiple Myeloma Who Received Chemotherapy and Those
Who Did Not (1992–1999)
Characteristic No. of Patients % of Patients
Column % of Patients, Stratified






Age (yr) median (range) 76 (65–104) 78 (65–104) 74 (65–95)
Age (yr)
65–69 1018 20.8 14.8 26.3 0.001
70–74 1161 23.7 18.2 28.7
75–79 1179 24.1 23.9 24.2
80 1544 31.5 43.1 20.8
Gender
Male 2355 48.0 46.8 49.2 0.082
Female 2547 52.0 53.2 50.8
Race/ethnicity
White 3893 79.4 78.1 80.6 0.100
Black 676 13.8 15.0 12.6
Others 333 6.8 6.9 6.7
Comorbidity scores
0 2292 46.8 40.9 52.1 0.001
1 1117 22.8 24.0 21.6
2 707 14.4 15.1 13.8
3 786 16.0 19.9 12.5
Radiation therapy
No 3579 73.0 78.9 67.6 0.001
Yes 1323 27.0 21.2 32.4
Socioeconomic status (SES)
1st quartile (high SES) 1211 24.7 23.4 25.9 0.103
2nd quartile 1213 24.8 23.9 25.5
3rd quartile 1256 25.6 26.7 24.6
4th quartile (low SES) 1132 23.1 24.4 21.9
Missing 90 1.8 1.6 2.0
Year of diagnosis
1992 689 14.1 16.0 12.3 0.001
1993 609 12.4 13.3 11.7
1994 632 12.9 13.8 12.1
1995 598 12.2 11.4 12.9
1996 656 13.4 12.9 13.9
1997 630 12.9 12.4 13.3
1998 547 11.2 10.2 12.0
1999 541 11.0 10.1 11.9
SEER registry areas
San Francisco, CA 380 7.8 8.1 7.4 0.001
Connecticut 653 13.3 15.3 11.5
Detroit, MI 907 18.5 18.7 18.3
Hawaii 91 1.9 2.0 1.7
Iowa 704 14.4 14.8 14.0
New Mexico 214 4.4 4.2 4.6
Seattle, WA 531 10.8 9.7 11.9
Utah 260 5.3 5.4 5.2
Atlanta, GA 277 5.7 4.9 6.3
San Jose-Monterey, CA 210 4.3 4.3 4.2
Los Angeles, CA 675 13.8 12.6 14.8
Total 4902 100.0 100.0 100.0
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TABLE 2. Percentage and Odds Ratio of Receiving Chemotherapy in Patients With Multiple
Myeloma











All patients 4902 2547 52.0
Age (yr)
65–69 1018 669 65.7 1.00
70–74 1161 732 63.1 0.91 (0.76–1.09)
75–79 1179 617 52.3 0.59 (0.49–0.70)
80 1544 529 34.3 0.29 (0.24–0.34)
Gender
Male 2355 1254 53.3 1.00
Female 2547 1293 50.8 0.99 (0.88–1.12)
Race/ethnicity
White 3893 2054 52.8 1.00
Black 676 322 47.6 0.77 (0.63–0.95)
Others 333 171 51.4 0.86 (0.67–1.12)
Comorbidity scores
0 2292 1328 57.9 1.00
1 1117 551 49.3 0.80 (0.68–0.93)
2 707 351 49.7 0.81 (0.68–0.97)
3 786 317 40.3 0.54 (0.45–0.64)
Radiation therapy
No 3579 1722 48.1 1.00
Yes 1323 825 62.4 1.53 (1.34–1.76)
Socioeconomic status (SES)
1st quartile (high SES) 1211 660 54.5 1.00
2nd quartile 1213 650 53.6 0.91 (0.77–1.09)
3rd quartile 1256 627 49.9 0.77 (0.64–0.92)
4th quartile (low SES) 1132 558 49.3 0.84 (0.69–1.02)
Missing 90 52 57.8 1.15 (0.72–1.84)
Year of diagnosis
1992 689 313 45.4 1.00
1993 609 297 48.8 1.09 (0.86–1.37)
1994 632 307 48.6 1.13 (0.90–1.42)
1995 598 329 55.0 1.57 (1.24–1.98)
1996 656 353 53.8 1.52 (1.21–1.90)
1997 630 339 53.8 1.65 (1.31–2.08)
1998 547 306 55.9 1.66 (1.31–2.11)
1999 541 303 56.0 1.68 (1.32–2.13)
SEER registry areas
San Francisco, CA 380 189 49.7 1.00
Connecticut 653 293 44.9 0.65 (0.49–0.85)
Detroit, MI 907 467 51.5 0.97 (0.75–1.26)
Hawaii 91 44 48.4 0.80 (0.48–1.32)
Iowa 704 356 50.6 0.96 (0.73–1.26)
New Mexico 214 116 54.2 0.95 (0.66–1.37)
Seattle, WA 531 303 57.1 1.12 (0.84–1.48)
Utah 260 132 50.8 0.87 (0.62–1.21)
Atlanta, GA 277 161 58.1 1.29 (0.92–1.80)
San Jose–Monterey, CA 210 108 51.4 0.86 (0.60–1.23)
Los Angeles, CA 675 378 56.0 1.28 (0.98–1.67)
*Adjusted for variables listed in the table.
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TABLE 3. Effect of Chemotherapy and the Number of Cycles of Chemotherapy on Mortality in Patients With Multiple




No. (%) of Observed
Deaths Within
3 Years








No chemotherapy 2355 1458 (61.9) 2189 (93.0) 1.00 (reference) —
Receipt of chemotherapy 2547 697 (27.4) 2313 (90.8) 0.65 (0.61–0.69) 0.001
Cycle (no. of claims) of chemotherapy received
0 (no chemotherapy) 2355 1458 (61.9) 2189 (93.0) 1.00 (reference) —
1–5 1067 498 (46.7) 1010 (94.7) 0.84 (0.77–0.90) 0.001
6–15 643 136 (21.2) 571 (88.8) 0.63 (0.57–0.69) 0.001
16–25 298 32 (10.7) 264 (88.6) 0.55 (0.48–0.62) 0.001
25–35 172 14 (8.1) 147 (85.5) 0.47 (0.40–0.56) 0.001
35 367 17 (4.6) 321 (87.5) 0.45 (0.40–0.51) 0.001
Myeloma-specific mortality
All patients
No chemotherapy 2355 861 (36.6) 1101 (46.8) 1.00 (reference) —
Receipt of chemotherapy 2547 427 (16.8) 1019 (40.0) 0.61 (0.56–0.67) 0.001
Cycle (no. of claims) of chemotherapy received
0 (no chemotherapy) 2355 861 (36.6) 1101 (46.8) 1.00 (reference) —
1–5 1067 310 (29.1) 501 (47.0) 0.83 (0.75–0.93) 0.001
6–15 643 84 (13.1) 248 (38.6) 0.58 (0.51–0.67) 0.001
16–25 298 16 (5.4) 98 (32.9) 0.44 (0.36–0.54) 0.001
25–35 172 7 (4.1) 51 (29.7) 0.38 (0.28–0.50) 0.001
35 367 10 (2.7) 121 (33.0) 0.34 (0.28–0.41) 0.001
*Hazard ratio (95% confidence internal) was the time to event analysis by censoring those who were lost to the follow-up or still alive at the end of follow-up, and simultaneously
adjusting for age, gender, race, comorbidity, radiation therapy, socioeconomic status, year of diagnosis, and SEER areas.
FIGURE 1. Hazard ratio (95% confi-
dence interval) of all-cause (A) and
myeloma-specific (B) mortality in
patients with stage II to III multiple
myeloma who received chemother-
apy compared with those who did
not, stratified by age, gender, race,
radiotherapy, and comorbidity
score.
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ity in patients who received chemotherapy compared with
those who did not, stratified by selected demographic factors
and radiation therapy. This was to determine whether the
pattern of improved survival associated with chemotherapy
was held within strata of these factors. Survival benefit of
chemotherapy was statistically significant in all strata of age,
gender, race, comorbidity, and radiation therapy. For exam-
ple, the hazard ratio of all-cause mortality was 0.63 (95% CI,
0.58–0.67) in white patients with chemotherapy compared
with those without, whereas corresponding hazard ratio was
0.72 (95% CI, 0.61–0.86) for blacks. Similarly, chemother-
apy was associated with 25% to 40% reduction in mortality,
regardless of comorbidity scores.
DISCUSSION
It is important to assess whether the clinical treatment
guidelines for the receipt of chemotherapy as the standard of
care for elderly patients with stage II or III multiple myeloma
were being followed in the community practices and whether
any lack of appropriate therapy was associated with de-
creased survival. We found that receiving chemotherapy was
associated with 35% survival advantage, and this survival
benefit was significant across different age groups, ethnic
groups, gender, and comorbidity scores. However, a large
proportion of the elderly patients with stage II or III multiple
myeloma did not receive chemotherapy and the receipt of
chemotherapy decreased substantially with age.
Age is a major factor in determining cancer thera-
pies.52–57 Several studies demonstrated that older patients
with breast cancer and colon cancer were significantly less
likely to receive chemotherapy according to the clinical
guidelines.52,56,57 Nonreceipt of chemotherapy among elderly
patients has been attributed to the lack of healthcare access.58
However, in our study, all patients had access to Medicare so
that these patients can be entitled for inpatient and outpatient
medical services across the United States. There were some
inconsistent findings about whether elderly patients were as
likely to tolerate the chemotherapy-related toxicities as
younger patients.59–62 Currently, many patients who receive
chemotherapy often receive antiemetics,63 and more patients
receive hematopoietic growth factors to prevent more serious
toxicities such as neutropenia and anemia.62,63 Nevertheless,
our study was consistent with previous reports, showing that
older patients were less likely to receive chemotherapy. Since
chemotherapy was associated with increased survival rate in
all age groups of the elderly patients with multiple myeloma,
it is therefore concerning if age is still a barrier to the
recommended therapy.
The Institute of Medicine has demonstrated convincing
and substantial disparities in the quality of health care among
various race/ethnic groups in the United States.58 Low socio-
economic status and poor access to medical care are the main
contributors in not receiving the recommended therapies. In
our study, black patients (47.6%) were significantly less
likely to receive chemotherapy than whites (52.8%), even
after adjusting for patient demographics and radiation ther-
apy. Although a larger proportion of blacks lived in the
lowest quartile of socioeconomic status, ethnic difference in
the receipt of chemotherapy did not change after adjusting for
socioeconomic status. Healthcare providers may also be a
factor in the disparities of receiving the standard of care.64
However, outcomes in patients with multiple myeloma were
similar across the ethnic groups as found in this as well as in
other studies.65,66 This may be due to the fact that socioeco-
nomic status was not significantly associated with survival in
this study and ethnic difference in receiving chemotherapy
was relatively small.
As we found in this study, chemotherapy was effective
in prolonging survival among the community dwelling el-
derly patients. Although numerous clinical trials have well
documented the efficacy of chemotherapy, no study has been
conducted to evaluate the effectiveness of chemotherapy in
elderly patients outside the clinical trial settings. To the best
of our knowledge, this study is the first to demonstrate that
the efficacy of chemotherapy documented in clinical trials
settings has been translated into the “real world” effective-
ness. This has a number of clinical and public health impli-
cations. First, patients enrolled in the clinical trials were often
motivated volunteers and highly selected because only those
relatively healthy patients with minimal comorbidity can be
eligible for the trials. Therefore, these patients are often not
representative of all the patients outside the clinical settings.
Our study documented that chemotherapy is also beneficial
for patients in the community. Second, elderly patients,
particularly oldest old (80 years), are often underrepre-
sented in the clinical trials.34–37 It is often uncertain if the
efficacy documented in younger patients can still be gener-
alizable to older ones. Findings from a large cohort of elderly
patients in this study suggested that survival benefit was
evident even in those very old patients as well. Furthermore,
in tumors such as breast cancer, survival benefit decreased
with advanced age due to decreased tumor sensitivity, inad-
equate dosage for the elderly patients, or concern about lack
of abilities in tolerating toxicity. However, our study showed
that oldest old patients can still benefit significantly from
chemotherapy. Survival benefit was significant in those with-
out comorbid conditions as well as in those with comorbid
diseases.
Several limitations need to be noted. First, the study
population only included patients 65 years of age or older
who are not health maintenance organization members and
who have both Medicare Part A and Part B coverage. Find-
ings may not be generalizable to a younger population.
However, because multiple myeloma is essentially a disease
of the elderly, the study findings may be applied to a large
number of cases. Targeting this population would have great
importance for much-needed research in identifying health
problems and for improving quality of life. Second, we are
unable to determine the actual doses of chemotherapy given.
However, we provided an estimate on the number of cycles
for receiving chemotherapy that was associated with decreas-
ing mortality. Those who received more cycles of chemother-
apy appeared to have greater benefits in mortality reduction.
Furthermore, information on the receipt of chemotherapy was
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based on Medicare claims for diagnostic and procedure codes.
There might be a possibility of missing claims for chemotherapy
in Medicare data, although overcoding on chemotherapy may be
unlikely.41 Finally, socioeconomic status was based on the 1990
census tract level. Although poverty, education, and household
income at the census tract level provided similar findings, there
may be residual confounding when the individual level socio-
economic status was not adjusted for in the analysis.
CONCLUSION
Chemotherapy was significantly associated with in-
creased survival in patients with multiple myeloma outside
the clinical trial settings. This survival benefit was significant
across different ages, gender, and comorbidity. However,
substantial number of patients with stage II or III multiple
myeloma (48%) did not receive chemotherapy. Additional
studies to confirm these findings in younger populations and
to incorporate the quality of life issues may be helpful.
ACKNOWLEDGMENTS
We acknowledge the efforts of the National Cancer
Institute, Center for Medicare and Medicaid Services, Infor-
mation Management Services, Inc., and the SEER Program
tumor registries in the creation of this database. The inter-
pretation and reporting of these data are the sole responsi-
bilities of the authors. The authors thank Xiaoying Gao for
assistance in making Figure 1.
REFERENCES
1. Ries LAG, Harkins D, Krapcho M, et al. SEER Cancer Statistics Review,
1975–2003, National Cancer Institute. Bethesda, MD. http://seer.cancer.
gov/csr/1975_2003/ based on November 2005 SEER data submission,
posted to the SEER web site, 2006. Accessed February 12, 2007.
2. American Cancer Society. http://www.cancer.org/docroot/STT/content/
STT_1x_Cancer_Facts__Figures_2006. asp. Accessed September 28, 2006.
3. Kyle RA, Therneau TM, Rajkumar SV, et al. Incidence of multiple
myeloma in Olmsted County, Minnesota: trend over 6 decades. Cancer.
2004;101:2667–2674.
4. Savage D, Lindenbaum J, Van Ryzin J, et al. Race, poverty, and survival
in multiple myeloma. Cancer. 1984;54:3085–3094.
5. Weston B, Grufferman S, MacMillan JP, et al. Effects of socioeconomic
and clinical factors on survival in multiple myeloma. J Clin Oncol.
1987;5:1977–1984.
6. Brown LM, Burmeister LF, Everett GD, et al. Pesticide exposures and
multiple myeloma in Iowa men. Cancer Causes Control. 1993;4:153–
156.
7. Pottern LM, Gart JJ, Nam JM, et al. HLA and multiple myeloma among
black and white men: evidence of a genetic association. Cancer Epide-
miol Biomarkers Prev. 1992;1:177–182.
8. Lewis DR, Pottern LM, Brown LM, et al. Multiple myeloma among
blacks and whites in the United States: the role of chronic antigenic
stimulation. Cancer Causes Control. 1994;5:529–539.
9. Koessel SL, Theis MK, Vaughan TL, et al. Socioeconomic status and the
incidence of multiple myeloma. Epidemiology. 1996;7:4–8.
10. Brown LM, Pottern LM, Silverman DT, et al. Multiple myeloma among
Blacks and Whites in the United States: role of cigarettes and alcoholic
beverages. Cancer Causes Control. 1997;8:610–614.
11. Brown LM, Linet MS, Greenberg RS, et al. Multiple myeloma and
family history of cancer among blacks and whites in the U.S. Cancer
1999;85:2385–2390.
12. Baris D, Brown LM, Silverman DT, et al. Socioeconomic status and
multiple myeloma among US blacks and whites. Am J Public Health.
2000;90:1277–1281.
13. Brown LM, Gridley G, Pottern LM, et al. Diet and nutrition as risk
factors for multiple myeloma among blacks and whites in the United
States. Cancer Causes Control. 2001;12:117–125.
14. Hatcher JL, Baris D, Olshan AF, et al. Diagnostic radiation and the risk
of multiple myeloma (United States). Cancer Causes Control. 2001;12:
755–761.
15. Benjamin M, Reddy S, Brawley OW. Myeloma and race: a review of the
literature. Cancer Metastasis Rev. 2003;22:87–93.
16. Baris D, Silverman DT, Brown LM, et al. Occupation, pesticide expo-
sure and risk of multiple myeloma. Scand J Work Environ Health.
2004;30:215–222.
17. Alexanian R, Haut A, Khan AU, et al. Treatment for multiple myeloma:
combination chemotherapy with different melphalan dose regimens.
JAMA. 1969;208:1680–1685.
18. Boccadoro M, Marmont F, Tribalto M, et al. Multiple myeloma: VMCP/
VBAP alternating combination chemotherapy is not superior to melphalan
and prednisone even in high-risk patients. J Clin Oncol. 1991;9:444–448.
19. Gregory WM, Richards MA, Malpas JS. Combination chemotherapy versus
melphalan and prednisolone in the treatment of multiple myeloma: an
overview of published trials. J Clin Oncol. 1992;10:334–342.
20. Alexanian R, Dimopoulos M. The treatment of multiple myeloma.
N Engl J Med. 1994;330:484–489.
21. Myeloma Trialists’ Collaborative Group. Combination chemotherapy
versus melphalan plus prednisone as treatment for multiple myeloma: an
overview of 6,633 patients from 27 randomized trials. J Clin Oncol.
1998;16:3832–3842.
22. Blade J, San Miguel JF, Fontanillas M, et al. Increased conventional
chemotherapy does not improve survival in multiple myeloma: long-
term results of two PETHEMA trials including 914 patients. Hematol J.
2001;2:272–278.
23. Cavo M, Benni M, Ronconi S, et al. Melphalan-prednisone versus
alternating combination VAD/MP or VND/MP as primary therapy for
multiple myeloma: final analysis of a randomized clinical study. Haema-
tologica. 2002;87:934–942.
24. Child JA, Morgan GJ, Davies FE, et al. High-dose chemotherapy with
hematopoietic stem-cell rescue for multiple myeloma. N Engl J Med.
2003;348:1875–1883.
25. Blade J, Vesole DH, Gertz M. Transplantation for multiple myeloma:
who, when, how often? Blood. 2003;102:3469–3477.
26. Kyle RA, Rajkumar SV. Multiple myeloma. N Engl J Med. 2004;351:
1860–1873.
27. Barlogie B, Shaughnessy J, Tricot G, et al. Treatment of multiple
myeloma. Blood. 2004;103:20–32.
28. Saunders G. Overview of drug therapy for multiple myeloma. J Oncol
Pharmacy Practice. 2005;11:83–100.
29. Blade J, Rosinol L, Sureda A, et al. High-dose therapy intensification
compared with continued standard chemotherapy in multiple my-
eloma patients responding to the initial chemotherapy: long-term
results from a prospective randomized trial from the Spanish coop-
erative group PETHEMA. Blood. 2005;106:3755–3759.
30. Berenson JR, Jagannath S, Barlogie B, et al. Safety of prolonged therapy
with bortezomib in relapsed or refractory multiple myeloma. Cancer.
2005;104:2141–2148.
31. Barlogie B, Kyle RA, Anderson KC, et al. Standard chemotherapy
compared with high-dose chemoradiotherapy for multiple myeloma:
final results of phase III US Intergroup Trial S9321. J Clin Oncol.
2006;24:929–936.
32. Facon T, Mary JY, Pegourie B, et al. Dexamethasone-based regimens
versus melphalan-prednisone for elderly multiple myeloma patients
ineligible for high-dose therapy. Blood. 2006;107:1292–1298.
33. Mateos MV, Hernandez JM, Hernandez MT, et al. Bortezomib plus
melphalan and prednisone in elderly untreated patients with multiple
myeloma: results of a multicenter phase 1/2 study. Blood. 2006;108:
2165–2172.
34. Hutchins LF, Unger JM, Crowley JJ, et al. Underrepresentation of
patients 65 years of age or older in cancer-treatment trials. N Engl J Med.
1999;341:2061–2067.
35. Lewis JH, Kilgore ML, Goldman DP, et al. Participation of patients 65
years of age or older in cancer clinical trials. J Clin Oncol. 2003;21:
1383–1389.
American Journal of Clinical Oncology • Volume 30, Number 5, October 2007 Chemotherapy and Survival for Multiple Myeloma
© 2007 Lippincott Williams & Wilkins 547
Hosted in the Center for Research on Violence Against Women institutional repository with written permission from Wolters Kluwer Health.
36. Yee KW, Pater JL, Pho L, et al. Enrollment of older patients in cancer
treatment trials in Canada: why is age a barrier? J Clin Oncol. 2003;21:
1618–1623.
37. Townsley CA, Selby R, Siu LL. Systematic review of barriers to the
recruitment of older patients with cancer onto clinical trials. J Clin
Oncol. 2005;23:3112–3124.
38. Potosky AL, Riley GF, Lubitz JD, et al. Potential for cancer related
health services research using a linked Medicare-tumor registry data-
base. Med Care. 1993;31:732–748.
39. Warren JL, Klabunde CN, Schrag D, et al. Overview of the SEER-
Medicare data: content, research applications, and generalizability to the
United States elderly population. Med Care. 2002;40(suppl 8):3–18.
40. Du XL, Goodwin JS. Patterns of use of chemotherapy for breast cancer
in older women: findings from Medicare claims data. J Clin Oncol.
2001;19:1455–1461.
41. Du XL, Key CR, Dickie L, et al. External validation of Medicare claims
for breast cancer chemotherapy compared with Medical Chart Reviews.
Med Care. 2006;44:124–131.
42. National Cancer Institute. The SEER Program Code Manual, revised ed
NIH Publication No. 94-1999. Bethesda, MD: National Cancer Insti-
tute; 1994.
43. U.S. Public Health Services. International Classification of Diseases,
9th Revision, Clinical Modification, 5th ed. Los Angeles: Practice
Management Information Corporation; 1996.
44. American Medical Association. Physicians’ Current Procedural Termi-
nology: CPT 2000. Chicago: American Medical Association; 2000.
45. Health Care Financing Administration. HCFA Common Procedure Cod-
ing System (HCPCS): National Level II Medicare Codes. Los Angeles:
Practice Management Information Corporation; 2000.
46. Du XL, Freeman JL, Goodwin JS. Information on radiation treatment in
patients with breast cancer: the advantages of the linked Medicare and
SEER data. J Clin Epidemiol. 1999;52:463–470.
47. Mandelblatt JS, Kerner JF, Hadley J, et al. Variations in breast carci-
noma treatment in older Medicare beneficiaries: is it black or white?
Cancer. 2002;95:1401–1414.
48. Du XL, Chan W, Giordano S, et al. Variation in modes of chemotherapy
administration for breast carcinoma and association with hospitalization
for chemotherapy-related toxicity. Cancer. 2005;104:913–924.
49. SAS Institute Inc. SAS/STAT Software: Changes and Enhancements
Through Release 6.11. Cary, NC: SAS Institute Inc., 1996.
50. Allison PD. Survival Analysis Using the SAS System: A Practical Guide.
Cary, NC: SAS Institute Inc., 1995.
51. Kleinbaum DG. Survival Analysis: A Self-Learning Text. New York:
Springer-Verlag; 1996.
52. Samet J, Hunt WC, Key C, et al. Choice of cancer therapy varies with
age of patient. JAMA. 1986;255:3385–3390.
53. Wetle T. Age as a risk factor for inadequate treatment. JAMA. 1987;
258:516.
54. Greenfield S, Blanco DM, Elashoff RM, et al. Patterns of care related to
age of breast cancer patients. JAMA. 1987;257:2766–2770.
55. Chu J, Diehr P, Feigl P, et al. The effect of age on the care of women
with breast cancer in community hospitals. J Gerontol. 1987;42:185–
190.
56. Schrag D, Cramer LD, Bach PB, et al. Age and adjuvant chemotherapy
use after surgery for stage III colon cancer. J Natl Cancer Inst. 2001;
93:850–857.
57. Du XL, Key CR, Osborne C, et al. Discrepancy between consensus
recommendations and actual community use of adjuvant chemotherapy
in women with breast cancer. Ann Intern Med. 2003;138:90–97.
58. Institute of Medicine. Unequal Treatment: Confronting Racial and
Ethnic Disparities in Health Care. Washington, DC: National Academy
Press; 2002.
59. Begg CB, Cohen JL, Ellerton J. Are the elderly predisposed to toxicity
from cancer chemotherapy? An investigation using data from the East-
ern Cooperative Oncology Group. Cancer Clin Trials. 1980;3:369–374.
60. Christman K, Muss HB, Case LD, et al. Chemotherapy of metastatic
breast cancer in the elderly: the Piedmont Oncology Association expe-
rience. JAMA. 1992;268:57–62.
61. Du XL, Osborne C, Goodwin JS. Population-based assessment of
hospitalizations for toxicity from chemotherapy in older women with
breast cancer. J Clin Oncol. 2002;20:4636–4642.
62. Du XL, Lairson DR, Begley CE, et al. Temporal and geographic
variation in the use of hematopoietic growth factors in older women
receiving breast cancer chemotherapy: findings from a large population-
based cohort. J Clin Oncol. 2005;23:8620–8628.
63. Baquiran DC. Biologic response modifiers. In: Baquiran DC, ed.
Lippincott’s Cancer Chemotherapy Handbook, 2nd ed. Philadelphia:
Lippincott Williams & Wilkins; 2001:13– 41.
64. Bach PB, Pham HH, Schrag D, et al. Primary care physicians who treat
blacks and whites. N Engl J Med. 2004;351:575–584.
65. Modiano MR, Villar-Werstler P, Crowley J, et al. Evaluation of race as
a prognostic factor in multiple myeloma: an ancillary of Southwest
Oncology Group Study 8229. J Clin Oncol. 1996;14:974–977.
66. Riccardi A, Mora O, Brugnatelli S, et al. Relevance of age on survival
of 341 patients with multiple myeloma treated with conventional che-
motherapy: updated results of the MM87 prospective randomized pro-
tocol. Cooperative Group of Study and Treatment of Multiple Myeloma.
Br J Cancer. 1998;77:485–491.
Rohatgi et al American Journal of Clinical Oncology • Volume 30, Number 5, October 2007
© 2007 Lippincott Williams & Wilkins548
Hosted in the Center for Research on Violence Against Women institutional repository with written permission from Wolters Kluwer Health.
